Megacins A-216 and A-19213 in Bacillus megaterium are plasmid encoded, as shown by analysis of cured, non-megacinogenic (Meg-) derivatives of strains 216 and ATCC 19213 and by polyethylene glycol-mediated protoplast transformation of Meg-bacteria with plasmid DNA. The results of both techniques implicated a 31-megadalton plasmid, pBM309, in megacin A-216 production and a 29-megadalton plasmid, pBM113, in megacin A-19213 production.
of megacin production with a specific plasmid via polyethylene glycol (PEG)-mediated protoplast transformation (10) .
While these studies were in progress, Rostas et al. (28) demonstrated that a 31-megadalton (Md) plasmid, pBM309, encodes the genes for megacin A-216 production. In the present report, both curing studies and transformation results corroborate this association. We also present evidence that ATCC 19213 contains four distinct plasmids and that megacin A-19213 production is associated with a 29-Md plasmid, pBM113.
MATERIALS AND METHODS
Reagents. Bacterial growth media were obtained from Difco Laboratories, Detroit, Mich. Low electroendosmosis agarose was from Sigma Chemical Co., St. Louis, Mo. Megacins were purified as described previously (33) .
Bacterial strains. Strains of B. megaterium used in this work are described in Table 1 .
Isolation of Meg-derivatives of B. megaterium strains 216 and ATCC 19213. The lysis of megacin A-producing bacteria after induction of megacin production (21, 22) was exploited to enrich for spontaneously occurring MegA-bacteria. Early log-phase cultures of B. megaterium growing at 37°C in yeast extract-tryptone broth (32) were induced with 1 p.g of mitomycin C per ml at an initial cell density corresponding to 15 to 30 Klett units (red filter). Incubation was continued for 60 min at 37°C. Samples were then plated onto nutrient agar at a sufficient dilution that Meg-cells could survive the lethal activity of released megacin A. Surviving colonies were scored in the presence and absence of mitomycin C for the ability to produce megacins (19) . Meg-derivatives of ATCC 19213 were also readily isolated because they often appeared as delineated sectors within Meg' colonies on solid media.
Plasmid pattern of B. megaterium ATCC 19213.
Plasmid DNA was initially prepared as a cleared lysate (16) and subsequently banded on CsCI-ethidium bromide gradients (6) . Plasmid DNA was recovered and plasmid masses were determined by electron microscopy (11), using plasmid pBR322 as an internal size standard (molecular mass, 2.66 Md [30] ). Slot-lysis electrophoresis. For analytical purposes, the method of Eckhardt (12) was used for slot-lysis electrophoresis, with some modifications. Lysozyme and sodium dodecyl sulfate mixtures were prepared as described by Gonzalez et al. (16) (3, 4, (6) (7) (8) (9) . These differences are confined to plasmids of >31 Md in mass. The agarose gel profile of plasmids isolated from strain 216 used in these studies is shown in Fig. 1 . Molecular masses have been assigned based on mobility on agarose gels compared with the plasmids of strain ATCC 19213. We have chosen to name these plasmids sequentially by size beginning with the 4.0-Md plasmid pBM101. An exception to this convention is the 31-Md plasmid, which has already been designated pBM309 (28) .
The agarose gel profile of plasmid DNA from B. megaterium ATCC 19213 is shown in Fig. 2 Plasmid DNA analysis of cured derivatives. A number of Meg-mutants were examined for plasmid DNA by the slot-lysis method or by gel electrophoresis of mini-cleared lysates (Fig. 2) . The results are summarized in Table 2 . All MegA-216 mutants exhibited loss of a plasmid 31 Md in size (pBM309). A significant number of mutants had also lost a second plasmid, 33 Md in size (pBM105). In a few instances, a smaller plasmid, either pBM101 or pBM102, was lost as well. We interpret these data to indicate that megacin A-216 production is associated with pBM309.
MegA-mutants of ATCC 19213 also showed an absolute correlation between the MegAphenotype and loss of a specific plasmid of the array. In each case a plasmid of 29 Md (pBM113) was lost. In many cases, additional alterations of the plasmid array were observed. The 60-Md plasmid pBM114 was frequently lost and, less frequently, the 17-Md plasmid pBM112 was lost. None of the mutants was cured of the 6.4-Md plasmid pBM111, however. An increase in the intensity of fluorescence of plasmid pBM112 was commonly observed when mutants were cured of pBM113 and pBM114. Such changes in intensity of bands in slot-lysates most likely reflect alterations in plasmid copy number.
PEG-mediated protoplast transformation of B. megaterium VT1206. PEG-mediated protoplast transformation (10) for both Tetr and MegA+ (Table 3 ). The frequency of transformation per microgram of pBC16 (Tetr) was about 10 times greater than that per microgram of pBM113 or pBM309 (both MegA+). Because both pBM113 and pBM309 are about 10 times larger in molecular mass than pBC16, the efficiency of transformation per plasmid molecule was therefore approximately the same for both Tetr and MegA+. Interestingly, Tetr transformants were found among cells selected for megacin A resistance at a frequency 2.0 x 104 times greater than the frequency of Tetr transformants among total regenerated protoplasts.
A number of MegA+ transformants were examined for plasmid DNA by slot-lysis electrophoresis or by electrophoresis of mini-cleared lysates. All of the MegA-19213 transformants examined contained the resident plasmid pBM111 and had acquired pBM113. All of the megacin A-216 transformants examined contained pBM111 and had acquired pBM309 (Fig.  3) . 10-5 to of the recipient protoplasts, which corresponds to 10-3 to 10-4 of the regenerated protoplasts. Similar (or lower) transformation frequencies have been reported for B. amyloliquefaciens (17) , B. thuringiensis (1, 26) , and other strains of B. megaterium (3, 34) .
In transformation experiments with pBC16 and megacinogenic plasmids, we found a significant increase in the frequency of Tetr transformants among MegA+ transformants compared with that of Tetr transformants among regenerated protoplasts. Elevated levels of cotransformation have also been reported with B. subtilis (B. Michel, Rapport de DEA, Universite Paris VI, 1979).
The identification and transmissibility of plasmids encoding type A megacins should facilitate comparative studies of the genes encoding these proteins, as well as the regulatory aspects of their induction. Megacins A-19213 and A-216 are clearly distinct proteins (33) , yet the regulation of production of both megacins may involve common properties. Both of these proteins are produced in substantial quantities in response to specific induction and represent easily assayable phenotypes. For these reasons, further study of the molecular biology of these megacins may contribute significantly to our understanding of gene expression in bacilli.
